Background
Primary hyperparathyroidism is a hypercalcemic syndrome caused by excessive secretion of parathyroid hormone from a single adenoma in the majority (75%) of cases 1 . The symptoms of hyperparathyroidism have been typically been associated with bone, renal, psychiatric, and gastrointestinal manifestations. While management of symptomatic patients is well established, prompt surgical management in asymptomatic patients has been suggested given the increased risk of cardiovascular disease 2 
, as
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Traditional treatment approaches for sporadic primary hyperparathyroidism patients boast excellent cure rates and low complication rates, and include an anterior cervicotomy and bilateral neck exploration (BNE) with intraoperative identification and removal of the pathologic parathyroid gland. Advances in imaging techniques have led to pre-operative localization, which has allowed for minimally invasive targeted surgical approaches in cases of a single adenoma. Imaging with sonography and scintigraphy scans have demonstrated 85% and 90% sensitivities in identifying hyperfunctioning parathyroid glands of patients, respectively 7, 8 . Concordant results of both studies correctly identified the single adenoma in 95% of cases 9 . The development of intraoperative parathyroid hormone (ioPTH) has allowed for evaluation of cure upon removal of the suspected gland [10] [11] [12] [13] , with long term cure rates as high as 99% 14, 15 .
Using these methods, patients with pre-operatively localized glands benefited from a targeted open approach -Open Minimally Invasive Parathyroidectomy (OMIP)-with small incisions 16 and minimal dissection to successfully remove the suspicious gland 14, [17] [18] [19] [20] . This allowed for decreased operative times and improved cosmetic outcomes 21 compared with traditional parathyroidectomy, while maintaining low recurrence rates with the use of ioPTH 22, 23 . Given the minimal learning curve for OMIP for surgeons with traditional parathyroidectomy experience 24 , and its equivalent success rate, minimally invasive parathyroidectomy caught on quickly and by 2002 the majority of surgeons were performing OMIP in selected patients 25 .
Endoscopic adaptation [26] [27] [28] of these minimally invasive procedures allowed for even smaller incisions 29 . These endoscopic techniques can be performed by gasless video-assisted methods, such as the minimally invasive video assisted parathyroidectomy (MIVAP) technique 29, 30 , or completely endoscopically, and through a variety of approaches to including cervical 27, 28 , as well as axillary 31 , and breast 32 approaches.
In this study we retrospectively evaluated operative times, post-operative pain, complication rates, and recurrence rates in patients with SPHPT undergoing MIVAP with ioPTH and traditional parathyroidectomy with intraoperative frozen section and BNE from our prospectively collected database.
Methods
From January 2003 to November 2011, data from subjects at the University Hospital of Parma with biochemically verified SPHPT localized to a single adenoma on pre-operative imaging (ultrasound scan [US] and scintigraphy with 99mTc-Sestamibi [MIBI]) was collected in our prospective database. These subjects were then divided into two groups per time period. Subjects in group A served as the historical control group and were enrolled between January 2003 and September 2006. These subjects underwent traditional parathyroidectomy with BNE and intra-operative frozen section. Subjects in group B were enrolled between September 2006 and November 2011 and underwent MIVAP with ioPTH. ioPTH was performed by taking venous samples at time zero (prior to anesthesia on morning of surgery), and at five and ten minutes after resection of the pathologic parathyroid gland. A drop of PTH >50% intra-operatively was considered a cure.
Exclusion criteria for the MIVAP group included a pathologic gland >3cm in size on pre-operative imaging, family history of parathyroid disease, previous neck surgery, and clinical suspicion for a parathyroid carcinoma or an inflammatory thyroid condition.
Subject characteristics including age, gender, imaging and laboratory data were collected pre-operatively in our prospective database. Operative and post-operative data was recorded post-operatively in the database.
All subjects underwent pre-operative videolaryngostroboscopy (VLS), and VLS was repeated post-operatively if the subject or clinician were concerned for any voice changes. Operative times were recorded as the time from the incision to the placement of the dressing. Post-operative pain evaluations by visual analogue scale were performed post-operatively at 1 hour and 24 hours. Post-operative evaluation for cure of hyperparathyroidism included an at least 6 month follow up of Ca and PTH values with recurrence defined as Ca >10.5mg/dL and/or PTH > 72 pg/mL.
Results
157 subjects, group A (81) and group B (76), were enrolled in our prospectively collected database and underwent parathyroidectomy by one of two experienced endocrine surgeons at our center, both previously trained in the traditional open technique as well as the MIVAP technique. The standard incision for the traditional cervicotomy for group A was 4cm and for the MIVAP incision of group B was 2 cm. Table 1 demonstrates that group A and group B were similar in age (p=0.83), and gender (p=0.13). Parathyroid gland size was significantly larger in group A (1.8 vs. 1.2cm, p<0.05). Pre-operative calcium levels were higher in group B (11.1 vs 11.7, p = 0.018).
US and MIBI pre-operative imaging were performed on all subjects. Pathologic parathyroid glands were identified with pre-operative imaging with MIBI in 96% and 86% of subjects in groups A and B, respectively. A suspicious parathyroid gland was identified by US in 65% of group A subjects and 64% of group B subjects. Concordant studies were demonstrated in 54% of group A and 55% group B subjects.
In this study we found eight subjects with thyroid goiters, 5 in group A and 3 in group B, which were diagnosed on US pre-operatively and these cases were treated with lobectomy through the MIVAP incision in group B and through traditional incision in group A.
Gland locations are described in table 2. Pathologic glands were most commonly identified in the inferior parathyroid glands in both groups, and one ectopic parathyroid gland was identified in group B as seen in Table 2 . Video-assisted BNE was performed in three group B subjects due to failure to locate the suspicious parathyroid gland seen on pre-operative imaging, including one case in which an ectopic retro-esophageal parathyroid gland was found. The remaining two subjects had glands identified in the inferior right and superior right positions. These glands were successfully identified and removed with appropriate drop in ioPTH and without conversion to traditional cervicotomy.
Operative times, conversion from MIVAP to open technique rate, post-operative pain levels, and complication rates are described in table 3. Operative times were significantly shorter (29 vs. 62min, p<0.05) and post-operative pain levels were significantly lower in group B compared with group A. Post-operative calcium levels were similar between groups.
The ioPTH did not decrease in four MIVAP cases after removal of the pre-operatively identified parathyroid gland. When video-assisted BNE failed to identify a pathologic gland in these subjects, an open BNE was performed which revealed pathologic contralateral parathyroid glands. Resection of this second gland resulted in a corresponding, appropriate decrease in PTH.
Three cases of primary hyperparathyroidism relapsed in group A and two cases in group B. These subjects underwent traditional cervicotomy and re-exploration with removal of a pathologic parathyroid gland and appropriate drop in PTH. One subject from each group developed dysphonia post-op with VLS demonstrating unilateral vocal fold paralysis, and these subjects were referred to speech therapy. 
Discussion
Minimally invasive parathyroid surgery has become the preferred technique for the majority of surgeons treating patients with SPHPT 25, 33 . In general, the indications for minimally invasive parathyroidectomy for SPHPT patients include no history of cervical exploration and presence of a single pathologic parathyroid gland smaller than 3cm located in one of the standard locations on pre-operative imaging without concomitant thyroid disease [34] [35] [36] .
Of the minimally invasive options for parathyroidectomy, MIVAP offers several advantages in that it resembles traditional parathyroidectomy in technique thereby allowing the surgeon to perform a BNE 34, [37] [38] [39] while maintaining a small (1.5-2.0cm) cervicotomy and allowing for prompt identification of the recurrent laryngeal nerves and parathyroid glands with endoscopically enhanced magnification 35, 38 . This permits broader indications for minimally invasive treatment of SPHPT including those cases of multiglandular disease.
In this retrospective review of our prospectively collected database comparing traditional parathyroidectomy with intra-operative frozen section and MIVAP with ioPTH, we have added to a growing body of evidence which demonstrates significantly decreased post-operative pain and shorter operative times with MIVAP 40, 41 .
Being able to avoid neck hyperextension and less tissue dissection in the video-assisted and targeted approach likely contributes to the decreased pain levels in MIVAP patients 36 . The decrease in post-operative pain has also been demonstrated when comparing MIVAP to OMIP 38, 42, 43 . The results comparing mean operative times between MIVAP and OMIP in the literature are mixed with either equivalent (44 vs. 49min) 38 or longer (84 vs. 60min) 42 operative times in the MIVAP group. It is important to note, however, that several studies have demonstrated that MIVAP operative times improve significantly with surgeon experience 34, 37, 44 , with mean MIVAP operative times in experienced hands as low as 28 minutes 37 , similar to this study.
Given the long term risks of cardiovascular disease 2 and malignancy 3-5 associated with hyperparathyroidism, our group performs evaluation for cure of disease in our patients at 6 months post-operatively with serum calcium and parathyroid hormone evaluations. In this study, most subjects returned to normal serum calcium at this time point with low relapse rates in both group A (3.7%) and group B (2.6%) subjects. These rates are comparable to other studies in the literature which have reported cure rates of patients with SPHPT treated with MIVAP to be greater than 98% with long-term follow up 34, 36 .
The excellent cure rates associated with MIVAP have been attributed to a combination of appropriate patient selection with pre-operative imaging, the use of ioPTH for evaluation of cure, and the ability to perform video-assisted BNE when the suspected adenoma cannot be identified or when there is concern for multiglandular disease 36, 39, 45 . In the absence of ioPTH or presence of questionable ioPTH results, MIVAP with video-assisted BNE has actually been demonstrated to be as effective in treating SPHPT as MIVAP with ioPTH with similar operative times 46 .
The ability to perform video-assisted BNE during MIVAP also contributes to the low conversion rates seen in this study and other MIVAP studies 34, 36, 39 . All four subjects that underwent conversion to traditional cervicotomy and BNE did so after an inappropriate decrease in ioPTH after removal of pre-operatively identified adenoma and failed video-assisted BNE. A pathologic gland was identified and removed from the contralateral side with an appropriate drop in ioPTH. Three subjects in the MIVAP group underwent video-assisted BNE due to failed identification of a pathologic gland at the pre-operatively identified location. Successful video-assisted BNE revealed two subjects with pathologic glands in the standard locations and a third subject with a pathologic gland in the retro-esophageal position. In this study, and one other study 35 , MIVAP allowed for localization and removal of the ectopic gland through the minimally invasive cervicotomy.
As previously described in the literature, thyroid diseases -specifically goiters-are endemic to our demographic population 7, 34, 36 . These goiters have been effectively treated concurrently with the SPHPT through the MIVAP incision in our study and similar studies 34, 36 . The capacity to treat associated thyroid goiters allows for a broader set of indications for minimally invasive parathyroid surgery with MIVAP compared to other minimally invasive techniques.
Despite a significant learning curve and surgeon experience determined outcomes 37 , all of the benefits presented above have led to MIVAP being readily applied in referral centers [36] [37] [38] 47 . Of note though, traditional parathyroidectomy with BNE continues to be the most common operation for SPHPT in some parts of the world 9 , and continues to be an essential tool in the treatment of parathyroid disease.
Despite the excellent cure rates with MIVAP and targeted exploration with pre-operative imaging and confirmation of cure with ioPTH presented in the literature and in this study, several authors have also demonstrated that ioPTH may not be as reliable as we had initially hoped in ruling out multiglandular disease 48 , particularly when only a 50% drop in ioPTH at 10 minutes is used as the confirmation of cure 49 .
Further, a recent publication based on a large trial argues that we should do away with unilateral exploration for the treatment of SPHPT 50 . The proposed technique in this study includes an open minimally invasive length cervicotomy 16 , pre-operative MIBI scan, BNE for all patients regardless of pre-operative imaging results, and intraoperative radioactive counts to confirm that non-dormant glands are excised. The reported mean operative time for this procedure is 22 minutes.
While this technique has been hailed as the parathyroid surgery of the future 51 , there may still be room for MIVAP, particularly MIVAP with BNE, given that comparative studies between OMIP and MIVAP have demonstrated improved post-operative pain and patient satisfaction with cosmesis with MIVAP over OMIP 14 . Further, a trial demonstrating the generalizability of this new technique to multiple centers and how it compares to other minimally invasive parathyroidectomy procedures is still pending.
